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!
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Mo-va-on	
  
	
  •  Deploying	
  robots	
  in	
  public	
  

areas	
  to	
  assist,	
  guide,	
  and	
  
escort	
  visitors	
  and	
  surveillance	
  

•  Visual	
  applica-ons	
  are	
  born:	
  
–  Guidance	
  and	
  Personal	
  

assistance	
  in	
  public	
  areas	
  
•  Shop	
  malls,	
  touris6c	
  sites,	
  

airport,	
  train	
  sta6ons,	
  hospitals	
  
–  Surveillance	
  and	
  patrolling	
  in	
  

coopera-ve	
  way	
  with	
  
interven-on	
  units	
  (firefighters,	
  
police,	
  medical	
  units,	
  and	
  
tourist	
  office	
  staff,	
  …)	
  

•  Our	
  target	
  use	
  cases:	
  	
  
–  Caen	
  Rive	
  de	
  l’Orne	
  Shopping	
  

Mall	
  in	
  coopera-on	
  with	
  Caen	
  
city	
  	
  

!



Scien-fic	
  Background	
  

•  Environment	
  modelling	
  and	
  Knowledge-­‐based	
  reasoning	
  
–  Commonsense	
  and	
  seman-c	
  knowledge-­‐based	
  reasoning	
  
–  Nonmonotonic	
  and	
  spa-o-­‐temporal	
  reasoning	
  

•  Image	
  and	
  Video	
  processing	
  
–  Fusing	
  external	
  and	
  onboard	
  cameras	
  
–  Tracking	
  people	
  in	
  crowded	
  environments	
  
–  Detec-ng	
  abnormal	
  objects	
  

•  Mul6-­‐modal	
  short-­‐term	
  human-­‐robot	
  interac6on	
  	
  
–  From	
  robot	
  to	
  people:	
  GUI,	
  and	
  text-­‐to-­‐speech	
  processing	
  
–  From	
  people	
  to	
  robot:	
  GUI,	
  speech	
  understanding	
  

•  Mul6-­‐Robot	
  coopera6ve	
  planning	
  and	
  Robuste	
  Naviga6on	
  
–  Robust	
  and	
  safe	
  Naviga-on	
  in	
  populated	
  areas	
  
–  Goal-­‐Based	
  Interac-on	
  Decentralized	
  Decision-­‐Making	
  for	
  Mul--­‐agent	
  

Planning	
  



Poten-al	
  impacts&Challenges	
  

•  Increasing	
  the	
  autonomy	
  of	
  mul6-­‐robot	
  
systems	
  evolving	
  in	
  populated	
  environments	
  
– Distributed	
  percep-on	
  and	
  collec-ve	
  situa-on	
  
awareness	
  

– Distributed	
  and	
  coordinated	
  planning	
  
– Smooth	
  and	
  short	
  interac-on	
  with	
  people	
  

•  Increasing	
  the	
  robustness	
  of	
  robot	
  naviga6on	
  
in	
  populated	
  environments	
  



Partners	
  and	
  their	
  role	
  

•  GREYC-­‐CNRS/France	
  
–  Intelligent	
  and	
  autonomous	
  systems	
  
–  Distributed	
  planning	
  and	
  decision-­‐

making	
  
–  Probabilis-c	
  reasoning	
  
–  Vision	
  

•  Sapienza/Italy	
  
–  Robo-cs	
  
–  Mul--­‐robot	
  systems	
  
–  HRI	
  

•  Vreije	
  University	
  (VUB)/Belgium	
  
–  Image&Video	
  processing	
  
–  Speech	
  understanding	
  

•  Sabancy	
  University	
  (SU)	
  /Turkey	
  
–  Cogni-ve	
  systems	
  
–  Knowled-­‐based	
  reasoning	
  

•  GREYC	
  
–  Pr.	
  A.I	
  Mouaddib,	
  mul--­‐robot	
  planning	
  and	
  AI	
  
–  Dr.	
  L.	
  Jenapierre,	
  AI	
  and	
  	
  Robo-cs	
  
–  F.	
  Ferrari,	
  PhD,	
  joint	
  ac-vity	
  and	
  escort	
  
–  R.	
  Negrel,	
  post-­‐doc,	
  Vision	
  

•  Sapienza	
  
–  Pr	
  Luca	
  Iocchi,	
  	
  Mul--­‐robot,	
  HRI	
  
–  Pr	
  D.	
  Nardi,	
  Robo-cs	
  
–  Post-­‐doc,	
  Mayte	
  T.	
  Lazaro:	
  HRI	
  and	
  Naviga-on	
  

•  	
  VUB	
  
–  Pr	
  Hichem	
  Sahli,	
  Video	
  and	
  image	
  processing	
  
–  Post-­‐doc,	
  A.	
  Pennisi,	
  Vision	
  	
  

•  SUB	
  
–  Dr	
  E.	
  Erdem,	
  nonmonotonic	
  reasoning,	
  KBS	
  
–  Dr	
  A.	
  Volkan,	
  nonmonotonic	
  reasoning,	
  KBS	
  



Added	
  value	
  of	
  partners	
  

WP1:	
  Environment	
  modelling	
  and	
  Knowledge-­‐based	
  reasoning	
  (SU)	
  
•  T11:	
  Knowledge-­‐based	
  environment	
  representa-on	
  
•  T12:	
  Commonsense	
  and	
  spa-o-­‐temporal	
  reasoning	
  
	
  
WP2:	
  Image	
  and	
  Video	
  processing	
  (VUB)	
  
•  T21:	
  Image	
  and	
  video	
  processing	
  (VUB)	
  
•  T22:	
  	
  Situa-on	
  awareness,	
  ac-vity	
  recogni-on	
  and	
  abnormal	
  events	
  

(GREYC)	
  
	
  
WP3:	
  Mul6-­‐modal	
  short-­‐terme	
  HRI	
  (Sapienza)	
  	
  
•  T31:	
  mul--­‐modal	
  human-­‐robot	
  interface	
  From	
  robot	
  to	
  human	
  and	
  

From	
  human	
  to	
  robot	
  (Sapienza)	
  
•  T32:	
  Human	
  needs	
  es-ma-on	
  (GREYC)	
  
	
  
WP4:	
  Mul6-­‐Robot	
  coopera6ve	
  planning	
  and	
  Robuste	
  Naviga6on	
  (GREYC)	
  
•  T41:	
  Robust	
  and	
  safe	
  Naviga-on	
  (Sapienza)	
  
•  T42:	
  	
  Goal-­‐Based	
  Interac-on	
  Decentralized	
  Decision-­‐Making	
  for	
  

Mul--­‐agent	
  Planning	
  (GREYC)	
  
	
  
WP5:	
  So[	
  and	
  hard	
  architecture,	
  use	
  cases	
  and	
  integra6on/valida6on	
  
(GREYC)	
  
•  T51:	
  ROS-­‐based	
  Architecture,	
  (Sapienza	
  and	
  GREYC)	
  
•  T52:	
  Use	
  cases	
  defini-on	
  (GREYC)	
  
•  	
  T53:	
  Setup	
  of	
  the	
  robots,	
  	
  (Sapienza)	
  
•  T54:	
  Demonstra-ons,	
  (all)	
  
•  T55:	
  Performance	
  evalua-on	
  (all)	
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Main	
  scien-fic	
  Result	
  



WP1	
  

•  T11:	
  Knowledge-­‐based	
  
representa6on	
  
–  First	
  version	
  with	
  Seman-c	
  and	
  
sta-c	
  (SEM)	
  and	
  
Commonsense	
  	
  (COM)	
  
Knowledge	
  using	
  prolog-­‐like	
  
predicate	
  program	
  (M12,	
  
GREYC-­‐SU)	
  

–  New	
  version	
  with	
  temporary	
  
(TEMP)	
  under	
  development	
  by	
  
SU	
  (Due	
  by	
  M18)	
  

•  T12:	
  Commonsense	
  and	
  
spa6al	
  reasoning	
  
–  (due	
  by	
  M21)	
  

•  Knowldege	
  	
  
is-a(fastFood,restaurant).  
instance-of(mango, womenDressShop). 
nearby(mango, desigual). 
•  Goal	
  rules	
  
goal('secure',	
  L)	
  :-­‐	
  
unknownObject(X),	
  
at(X,	
  L).	
  
	
  
goal('adver-se',	
  L)	
  :-­‐	
  
people(X),	
  
at(X,	
  L),	
  
ad(L).	
  
	
  
goal('assist',	
  L)	
  :-­‐	
  
people(X),	
  
at(X,	
  L).	
  



WP2	
  
•  T21:	
  image/video	
  processing	
  

–  First	
  result:	
  detec6ng	
  people	
  
and	
  tracking	
  (M12,	
  VUB)	
  from	
  
external	
  camera	
  using	
  FAFEX,	
  
HOG	
  and	
  Ptracking	
  

–  Final	
  version	
  due	
  by	
  M18	
  

•  T22:	
  Event	
  detec6on	
  
–  Detec6on	
  of	
  people	
  inside	
  
specific	
  area.	
  

–  Extension	
  to	
  other	
  events	
  	
  (due	
  
by	
  M21)	
  

!

!

!



WP3	
  
•  T31:	
  Mul6-­‐modal	
  human-­‐

robot	
  Interac6on	
  	
  
(due	
  by	
  M27,	
  first	
  version	
  	
  M12,	
  
Sapienza)	
  

–  From	
  human	
  to	
  robot:	
  	
  
•  Tac6le	
  screen,	
  microphone	
  

–  From	
  robot	
  to	
  human	
  
•  Screen,	
  text-­‐to-­‐speech	
  

–  Coming	
  :	
  speech	
  understanding	
  
•  T32:	
  Human	
  needs	
  es6ma6on	
  
	
  (due	
  by	
  M27,	
  GREYC,	
  first	
  
version	
  M15)	
  



WP4	
  

	
  
•  T41:	
  Robust	
  Naviga6on	
  (First	
  version	
  M9,	
  
Final	
  version	
  by	
  M24,	
  Sapienza)	
  	
  

•  T42:	
  Mul6-­‐robot	
  planning	
  
– First	
  version,	
  a	
  single	
  robot	
  

	
  	
  	
  	
  (M9,	
  Final	
  version	
  by	
  M24,	
  GREYC)	
  
	
  



WP2:	
  
Percep-on	
  

WP1	
  
KB	
  reasoning	
  

WP4	
  
MDP-­‐based	
  planning	
  

PRUs-task Library 

Selected PRU List of goals 

Extracted features 

Computed policy π 

Petri-­‐Net	
  execu6on	
  plan	
  	
  

!

Naviga6on	
   Assistant	
  



	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Technical	
  results:	
  	
  WP5	
  

•  T51:	
  ROS	
  Architecture	
  
M3(Sapienza,	
  GREYC)	
  

•  T52:	
  Defini6on	
  of	
  use	
  cases	
  M12	
  
(GREYC)	
  
–  1.	
  Robot	
  adver-sing	
  and	
  simple	
  

interac-ons,	
  2.	
  Extending	
  to	
  
mul-ple	
  robots;	
  3.	
  Complex	
  
dialogue	
  and	
  escort,	
  4.	
  General	
  
demo	
  

•  T53:	
  Setup	
  of	
  the	
  robots	
  M14	
  
(Sapienza)	
  

•  T54:	
  First	
  demo	
  on	
  February	
  8th	
  
2016,	
  M15	
  (All)	
  

•  T55:	
  	
  under	
  development	
  

!



	
  	
  	
  	
  Sustainability/Valorisa-on	
  

•  Robust	
  naviga-on	
  
in	
  crowded	
  
environments	
  

•  Monitoring	
  the	
  
environments	
  

•  Interac-ng	
  with	
  
people	
  

•  Accomplishing	
  
tasks	
  :	
  assistance,	
  
escort	
  and	
  support	
  
security	
  units	
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Surveilling( SERVICES  

SOFTWARE  

ROBOTS  



S&V:	
  Sogware	
  release	
  

•  The	
  COACHES	
  sogware	
  	
  
•  Decision	
  module	
  is	
  based	
  on	
  a	
  series	
  of	
  
transforma-ons	
  of	
  PRU	
  in	
  MDP	
  and	
  an	
  MDP	
  in	
  
a	
  PNP.	
  	
  

•  The	
  sogware	
  of	
  PRU-­‐MDP-­‐PNP	
  transforma-on	
  
is	
  available	
  in	
  :	
  
– hhps://sites.google.com/a/dis.uniroma1.it/petri-­‐
net-­‐plans/pnp-­‐genera-on	
  


